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Abstract 
In recent years, with the development of Digital Image Processing Techniques and Computer Science, the numerical 
simulation analysis on asphalt mixtures’ fracture characteristics has gradually become the focus of domestic and 
international scholars. However, during the analysis processing, most researchers took asphalt mixtures as a kind of linear 
elastic materials, which is incompatible with the visco-elastic mechanism of asphalt mixtures. Thus, it will not 
fundamentally evaluate the fracture characteristics of asphalt mixture. Based on this, considering the visco-elastic 
mechanism of asphalt mixtures, the paper makes a numerical simulation analysis on asphalt mixtures via a virtual loading 
of the notched semi-circular bending (SCB) testing, aiming to obtain the fracture characteristics of asphalt mixtures. This 
study emphatically investigated the effects of the different relative factors between the loading location and the 
pre-cracking on the fracture characteristics of the asphalt mixtures evaluated by J-integral method. The research shows that, 
there existed significant region of stress concentration near the crack tip; Under the same loadings, the longer distance 
deviated from the midline of the SCB specimen, the less possibility to induce fracture cracking. In other words, the longer 
distance deviated from the midline of the SCB specimen, the greater loadings is needed to complete its total fracture 
cracking process. 
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1. Introduction 
Asphalt mixtures is a multiphase composite material, in which there would be many deficiencies such as air voids, micro 
cracks in aggregates and some unsubstantial contact points and surfaces, and so on. We always called these deficiencies 
inside asphalt mixtures as the initial cracks of the asphalt mixtures, which may be some microcosmic cracks, then develop 
into macroscopic cracks by connecting together. The crack propagation is caused by tensile stress, shearing stress and the 
combined action of the two stresses under traffic loadings and low temperature stresses. The development of the cracks 
can decrease the pavement service ability, worsen the pavement durability performance and lead to asphalt mixtures 
damages, and result in the final failure. Therefore, the fracture problem has drawn many road researchers’ attentions in the 
word. 
In recent years, the semi-circular bending (SCB) testing has drawn more and more attention since it was introduced to 
the asphalt mixture field in US by the Europeans and South African researchers (Van de Ven and Smit, 1997; Krans et al., 
1996; Erkens et al.,2002; Molenaar et al., 2002). The semi-circular test was originally used to characterize the fracture 
resistance in rock mechanics (Chong and Kuruppu, 1988;Lim et al., 1994). It has been used to characterize the tensile 
strength properties by van de Ven and Smit (1997) and fatigue resistance properties by Kran et al. (1996) in HMA 
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mixtures. Mull et al. (2002) have been using SCB test on notched specimens to evaluate the fracture resistance of asphalt 
mixtures through the J-integral. The semi-circular bending (SCB) testing was chosen in that study more than other 
available geometries due to several benefits. The SCB testing is practically attractive—even if it has some limitations, such 
as the existence of an arching effect (Wagoner, M et al., 2005)—in that it is very simple to perform, and multiple testing 
specimens can be easily prepared via a routine process of mixing and Superpave gyratory compacting of asphalt mixtures. 
Furthermore, the SCB geometry is even more attractive considering the fracture characteristics of field cores. What’s more, 
the virtual loading test can reduce laboratory experiments work with the long cycle, huge workload and repetitive test, and 
it can save the huge investments in the development and popularization of the test equipment. Based on this, in this study, 
we scanned the SCB specimens of asphalt mixtures whose graduation was AC-16 via the X-ray CT scanning techniques, 
then built the finite-element modeling, and finally completed the virtual loading of the notched SCB testing. The paper 
was aimed to evaluate the fracture characteristics of asphalt mixtures via the virtual loading under low temperature and the 
effects of the different relative positions between the loading location and the pre-crack on the fracture characteristics of 
the asphalt mixtures evaluated by J-integral. 
2. Virtual Loading Test 
2.1 Materials 
The asphalt used in this study was Karamay 70# matrix asphalt, the specification of which was showed in Table 1. In 
this table, every index met the specification requirement of paving asphalt. 
 
Table 1. Properties of KRY 70# Matrix Asphalt. 
 
Index 
 
 
Penetration     135 oC Kinematic   5 oC    Softening       RTFOT aging residual 
(100g, 5s)/( ×10-1mm)    viscosity     Ductility    point                   
15 oC 25 oC  30 oC       /(Pa·s)        /cm     R&B/ oC   Mass     5 oC      Penetration 
loss/%  Ductility/cm    ratio/%  
Result  25.1  64.1  115.3       0.709         7.9       48.7     0.116     2.8          74.6 
 
In this study, the aggregates and mineral filler were the limestone. The paper designed the asphalt mixtures following 
Superpave mixture design system. According to the actual needs, the study chose the AC-16 as the asphalt mixtures 
graduation. The percentage of the quality passing each sieve pore was showed in Table2. 
 
Table 2. Design gradation for testing. 
Sieve size (mm) 19 16 13.2 9.5 4.75 2.36 1.18 0.76 0.3 0.15 0.075
Passing rate (%) 100 90 84 70 46 32 22 14 9 7 6.5 
2.2 Specimen Preparation and Test Equipment 
This study introduced the Superpave Gyratory Compactor to fabricate the specimens in consideration of consistency 
with the actual pavement compaction and the design method of asphalt mixtures. Cylindrical AC-16 specimens of 135 mm 
in height and 150mm in diameter were fabricated using a Superpave Gyratory Compactor (SGC). Then, we cut the 
specimen into cylinder ones with 25 mm thickness with a double-faced saw from Finland which had a higher incision 
precision, and cut the specimens into semi-circular specimens. Next, we would fabricate a notch located at the center of 
the semi-circle specimens with 25 mm-long and 15mm-deep via a diamond incision slice whose thickness was 2.5mm. 
The notch was treated as a pre-crack. Finally, the notched semi-circular bending (SCB) specimens (150mm in diameter 
and 25mm thick with a 2.5 mm-wide and 15mm-deep mechanical notch) to be used for fracture tests of the AC-16 mixture 
was completed. The equipment of the SCB test was showed in Figure1. The distance between two fulcrums was 0.8 times 
of the specimen diameter and the test temperature was -10 oC. 
2.3 Finite Element Modeling for SCB Test 
Combining X-ray CT non-destructive scanning techniques, digital image processing techniques and computer analysis 
techniques, we constructed the finite element model for the notched SCB test. There were three steps in the finite element 
modeling for the SCB test: Firstly, we scanned the SCB specimen with X-ray CT to obtain the digital images; Secondly, 
imported the scanned digital images into special image processing software for image processing which included grayscale 
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histograms of the digital images, image enhancement, image calibration, edge detection, image binaryzation and image 
measurement; After that, we converted the polygons in pixels which respectively represented the aggregates and voids into 
vector polygons. At last, we coupled the vector polygons respectively represented the aggregates and voids together to 
complete the digital specimens of the SCB specimens. The illustrational form of the SCB finite element modeling process 
was showed in Figure 2. 
 
 
Figure 1. Experimental setup of notched SCB test.           Figure 2. FEM Process of SCB test. 
 
2.4 Numerical Simulation for Notched SCB Test 
a. The Basic Parameters of Numerical Simulation 
Taking asphalt mixtures’ mechanical properties into account, in this study we defined the coarse aggregates larger than 
2.36mm in the AC-16 asphalt mixtures as the linear elastic material. Modulus of elasticity and Poisson’s ratio were 
showed in Table 3. Then we also defined the asphalt mortar consisted of asphalt binders and fine aggregates (the particle 
size were smaller than 2.36mm) as visco-elastic material whose visco-elastic mechanical model was Burger model defined 
by four parameters. Considering the input parameters for the finite element analysis software ABAQUS were Prony Series 
such as g1, g2, Ĳ1 and Ĳ2, in this paper, we compiled the conversion program converting the four parameter of the Burgers 
model into Prony Series. The visco-elastic parameters of the asphalt mortar could be obtained through the creep test of the 
asphalt mortar via laboratory experiments. The Prony Series used in this study were showed in Table 3.  
Table 3. Numerical Simulation Parameters.
 Linear elasticity parameters Visco-elastic parameters 
 Modulus of elasticity(MPa) Poisson’s ratio g1 g2 Ĳ1(s) Ĳ2(s) 
Coarse aggregates  41056  0.21  — — — — 
-10 oC Mortar   8965 0.30 0.8840 0.1165  107.28 13200 
 
 
Figure 3. Relative position of loading location & the notch location. 
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b. Test Conditions for Virtual Loading 
In this study, the loading speed was set as 0.75mm/min, and test temperature was set as -10 oC. In order to investigate 
the effects of the different relative positions between the loading location and the pre-crack on the fracture characteristics 
of the asphalt mixtures, the prefabricated notch was located at the D/4, D/2 of the SCB specimen(D is the diameter of the 
SCB specimen) respectively, as showed in Figure3, and the notch was 25mm-long and 15mm-deep. 
c. Results and Analysis 
 Test Conditions was showed in Table 4.   
Table 4. Test conditions. 
Loading speed Test temperature  Notch location 
0.75mm/min -10 oC D/2 
 
we could get the diagram of stress distribution by the virtual loading of the notched SCB test, as shown in Figure 4.  
 
 
Figure 4. Stress distribution of crack tip. 
 
From the Figure4, we can know that there existed significant region of stress concentration near the crack tip, and the 
stress would reach to the maximum value near the crack tip. The stress would be smaller when it went further from the 
crack tip. And, at the different angles with the crack tip, the affected range of the stress intensity was not uniform. 
We could obtain the energy release rate by numerical simulation analysis. The results were shown in Figure 5. 
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  Figure 5. Energy release rate. 
 
Considering the material characteristics of asphalt mixtures, we knew that the asphalt mixture was multiphase 
compound materials which had multiple properties such as viscosity, elasticity and plasticity. From the results in the 
Figure 5, it was observed that the energy release rate changed nearly steadily at the beginning of loading. This 
phenomenon illustrated that it consumed less energy for the steady development of the crack. After that, the energy release 
rate had a rapid change meaning that the crack propagation was during the status of unstable propagation and this was 
exactly a portent of fracture. The conclusion matched well with the elastic-plastic fracture mechanics theory: After the 
initial propagation of the crack among elastic-plastic materials, the crack propagation accessed to the steady subcritical 
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propagation, then to the unstable propagation until the final fracture. 
Since Rice (1968) and Cherepanor (1969) put forward J-integral respectively, the J-integral principle had been widely 
used for evaluating fracture property of all kinds of materials. Along with the further research, Rice further proved that 
J-integral equals to the energy release rate for the nonlinear crack body. The equation was given by (Rice, 1968): 
 
J = – dȆ /da                                             (1) 
 
Where Ȇ is the total potential energy of the crack body, and a is the length of the crack. When coming to asphalt mixtures 
which is a nonlinear visco-elasto-plastic material, the variation of the energy release rate also represent the variation of 
J-integral development since they change consistently. In this study, for the notched SCB specimen, the crack started to 
propagate when the J-integral value reached to the critical value Jc:  
 
     J = Jc                                                  (2) 
 
Where J can be acquired by the virtual loading test mentioned previously, and Jc represents the fracture property of the 
material which need be determined via laboratory experiments. 
 
 Test Conditions was showed in Table 5. 
 
Table 5. Test conditions. 
Loading speed Test temperature  Notch location 
0.75mm/min -10 oC D/4  
 
According to the prior test method, we can evaluate the fracture characteristic when the prefabricated notch was located 
at D/4. The test results of the stress distribution and energy release rate were shown in Figure 6 and 7. 
 
 
Figure 6. Stress distribution of crack tip. 
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Figure 7. Energy release rate.          Figure 8. Comparison of J-integral. 
 
From Figure 6 and 7, we could learn that there still exited significant region of stress concentration near the crack tip 
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when the prefabricated notch was located at D/4 under the same test conditions. Furthermore, the variation pattern of the 
J-integral accorded nearly with the one when the prefabricated notch was located at D/2. 
The comparison of J-integral from the two virtual loading tests was shown in Figure 8. 
As could be seen from the Figure 8, the J-integral when the prefabricated notch was located at D/4 was lesser than the 
one when at D/2 during the same loading time. It meant that the crack propagated faster when the prefabricated notch was 
located at D/2, which would result in the fracture of the SCB specimen in a relatively short period of time. However, it 
would consume more time and energies to complete the fracture when the prefabricated notch was located at D/4. It also 
indicates that: Under the same loadings, the longer distance deviated from the midline of the SCB specimen, the less 
possibility to induce fracture. In other words, the longer distance deviated from the midline of the SCB specimen, the 
bigger applied loadings needed to complete its fracture. 
 
3. Conclusion 
There existed significant region of stress concentration near the crack tip, and the stress would reach to the maximum 
value near the crack tip. The stress would be smaller when it went further from the crack tip. And, at the different angles 
with the crack tip, the affected range of the stress intensity was not uniform. 
Under the same loadings, the longer distance deviated from the midline of the SCB specimen, the less possibility to 
induce fracture. In other words, the longer distance deviated from the midline of the SCB specimen, the greater applied 
loadings needed to complete its fracture. 
The virtual loading test could reduce laboratory experiments work with the long cycle, huge workload and repetitive test, 
and it could save the huge investments in the development and popularization of the test equipment. 
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